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(57) ABSTRACT

An element body having a plurality of positive electrode
layers, a plurality of negative electrode layers, and separator
layers each interposed between adjacent positive and negative
electrode layers. A package includes a box-like package body
portion containing the element body, and a flat package edge
portion connected to the package body portion. A positive
electrode terminal and a negative electrode terminal are bent
at terminal body portions extending outward from the pack-
age edge portion to form a positive-electrode bent portion and
a negative-electrode bent portion, respectively. The bent por-
tions are joined to the package edge portion, with joining
members.
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ELECTRIC STORAGE DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is a continuation of PCT/
JP2011/079895 filed Dec. 22, 2011, which claims priority to
Japanese Patent Application No. 2010-288161, filed Dec. 24,
2010, the entire contents of each of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The present invention relates to electric storage
devices, and particularly to an electric storage device, such as
an electric double layer capacitor, having an improved termi-
nal structure.

BACKGROUND OF THE INVENTION

[0003] With the spread of portable electronic devices, such
as cellular phones, notebook computers, and digital cameras,
various electric storage devices, such as electric double layer
capacitors, lithium-ion capacitors, and lithium-ion secondary
batteries, have been actively researched and developed as
cordless power supplies for the electronic devices.

[0004] In recent years, electric storage devices of this type
have attracted particular attention not only because of their
possibility to further improve convenience of portable elec-
tronic devices, but also because of their use as vehicle-
mounted batteries for hybrid vehicles. It has been expected to
realize long-life electric storage devices having higher energy
densities and capable of higher power output.

[0005] Patent Document 1 proposes an electric double
layer capacitor that includes a package having a sealing por-
tion with a predetermined width formed by joining overlap-
ping portions of films, and at least a pair of terminals having
end portions extending from the sealing portion of the pack-
age. In this electric double layer capacitor, a side length of
parts of the terminals located inside the sealing portion is
greater than the sealing width of the sealing portion.

[0006] FIG. 19 is a perspective view illustrating an electric
double layer capacitor described in Patent Document 1. FIG.
20 is a cross-sectional view of FIG. 19 as viewed in the
direction of arrow a-a.

[0007] The electric double layer capacitor has a package
102 containing an element body 101. A positive electrode
terminal 103 and a negative electrode terminal 104 extend out
of the package 102.

[0008] As illustrated in FIG. 20, the element body 101
includes positive electrode layers 105, negative electrode lay-
ers 106, and separator layers 107 each interposed between
adjacent positive and negative electrode layers 105 and 106.
[0009] Each of the positive electrode layers 105 includes a
positive-electrode collector layer 105a and a positive-elec-
trode active material layer 1056 formed on one or both of the
principal surfaces of the positive-electrode collector layer
105a. Similarly, each of the negative electrode layers 106
includes a negative-electrode collector layer 1064 and a nega-
tive-electrode active material layer 1065 formed on one or
both of the principal surfaces of the negative-electrode col-
lector layer 106a.

[0010] One end 105¢ of each positive-electrode collector
105a is electrically connected to the positive electrode termi-
nal 103, and one end of each negative-electrode collector is
electrically connected to the negative electrode terminal 104.
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[0011] The element body 101 and respective parts of the
positive and negative electrode terminals 103 and 104 are
sealed in the package 102 together with an electrolyte solu-
tion 108. An end portion of the positive electrode terminal 103
extends out of the package 102 to form a positive-electrode
lead portion 103a, and an end portion of the negative elec-
trode terminal 104 extends out of the package 102 to form a
negative-electrode lead portion 104a.

[0012] Patent Document 1: Japanese Unexamined Patent
Application Publication No. 2010-87363 (Claim 1, FIG. 1 to
FIG. 5)

[0013] In the electric double layer capacitor described in
Patent Document 1, the positive-electrode lead portion 103a
and the negative-electrode lead portion 1044 extending out of
the package 102 are unfixed. This means that the positive-
electrode lead portion 103a and the negative-electrode lead
portion 104a easily deform, for example, under their own
weight or when an external stress is applied thereto by contact
with a manufacturing facility or a falling object during the
manufacturing process. Therefore, it is difficult to maintain
the shape and position of the positive-electrode lead portion
103a and the negative-electrode lead portion 1044 in a stable
state. That is, with the terminal structure described above,
handling during the manufacturing process is difficult. This
may lead to production of defective products, lower yield, and
lower productivity. In particular, to reduce the size of the
electric double layer capacitor described in Patent Document
1, it is necessary to reduce a thickness t of the positive elec-
trode terminal 103 and the negative electrode terminal 104.
However, reducing the thickness t further reduces the
strength, and may further lower the stability of the shape and
position of the positive-electrode lead portion 103a and the
negative-electrode lead portion 104a.

SUMMARY OF THE INVENTION

[0014] The present invention has been made in view of the
circumstances described above. An object of the present
invention is to provide an electric storage device that can
stabilize the position and shape of terminals extending out of
a package.

[0015] To achieve the object described above, an electric
storage device according to the present invention includes at
least one device cell including an element body formed by
alternately stacking or winding electrode layers and an insu-
lating layer, a package containing the element body, and a
plurality of terminals electrically connected to the element
body and extending out of the package. At least one of the
plurality of terminals is bent at a lead part extending out of the
package to form a bent portion. The bent portion is at least
partially joined to the package.

[0016] In the electric storage device of the present inven-
tion, it is preferable that the package have a package body
portion containing the element body and an edge portion
connected to the package body portion, the edge portion
being thinner than the package body portion; and that the bent
portion have a folded-back shape, and be at least partially
disposed on the edge portion so as to be positioned below a
height of the package body portion.

[0017] In the electric storage device of the present inven-
tion, it is preferable that the bent portion be at least partially
joined to the edge portion.
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[0018] In the electric storage device of the present inven-
tion, it is preferable that the bent portion be at least partially
joined to the package, with a joining member made of an
insulating material.

[0019] In the electric storage device of the present inven-
tion, it is preferable that the joining member be interposed
between the bent portion and the package.

[0020] In the electric storage device of the present inven-
tion, it is preferable that an outer surface of the bent portion be
at least partially covered with the joining member.

[0021] In the electric storage device of the present inven-
tion, it is preferable that a plurality of device cells be stacked,
and that at least one of the terminals of each of the device cells
be bent to form a bent portion so as to be positioned within a
space formed between the device cells.

[0022] In the electric storage device of the present inven-
tion, it is preferable that the package have a package body
portion containing the element body and an edge portion
connected to the package body portion, the edge portion
being thinner than the package body portion; that the device
cells be stacked to allow the package body portions to be
joined together; and that at least one of the terminals of each
of the device cells be bent to form a bent portion so as to be
positioned within a space formed between the edge portions.
[0023] In the electric storage device of the present inven-
tion, it is preferable that at least two of the device cells each
have the bent portion; that an outer surface of each of the bent
portions be at least partially covered with a protective mem-
ber made of an insulating material; and that the protective
members be integrally joined together.

[0024] In the electric storage device of the present inven-
tion, it is preferable that the edge portion be partially cut to
form a notch, and that an end ofthe bent portion be positioned
within the region of the notch.

[0025] In the electric storage device of the present inven-
tion, it is preferable that the package have a package body
portion containing the element body and an edge portion
connected to the package body portion, the edge portion
being thinner than the package body portion; and that the
terminals extend outward from the same end face of the
package, and be bent and arranged side by side on the edge
portion.

[0026] In the electric storage device of the present inven-
tion, it is preferable that the edge portion be folded back on a
side thereof to form a side folded-back portion.

[0027] In the electric storage device of the present inven-
tion, it is preferable that the bent portion be at least partially
joined to the package, with a joining member, and that a
tensile modulus of elasticity of the joining member be in the
range of 0.1 MPa to 100 MPa.

[0028] In the electric storage device described above, at
least one of the plurality of terminals is bent at a lead part
extending out of the package to form a bent portion, and the
bent portion is at least partially joined to the package. There-
fore, even if an external stress is applied to the lead part due to
contact with another article or the like, it is possible to reduce
deformation and positional instability of the terminal in the
lead part, so that the shape and position of the terminal are
stabilized. It is thus possible to facilitate handling during the
manufacturing process, reduce the loss of yield, and improve
productivity.

[0029] Since the shape and position of the lead part of the
terminal are stable even if the thickness of the terminal is
reduced, it is possible to further reduce the size of the electric
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storage device without adversely affecting the electrical char-
acteristics and the mechanical strength.

[0030] Even if a stress is applied to the lead part of the
terminal, since a force applied to a terminal lead portion of the
package is reduced, the terminal lead portion can be pre-
vented from being damaged by cracks or the like in the
terminal lead portion. It is thus possible to reduce the loss of
airtightness of the package and improve resistance to vibra-
tion.

[0031] Since the shape and position of the lead part of the
terminal are stabilized, it is possible to facilitate positioning
for mounting on a substrate, and reduce the occurrence of
poor mounting.

[0032] As described above, the package may have a pack-
age body portion containing the element body and an edge
portion connected to the package body portion, the edge
portion being thinner than the package body portion. The bent
portion may have a folded-back shape, and may be at least
partially disposed on the edge portion so as to be positioned
below aheight of the package body portion. The height of the
bent portion can thus be reduced. Moreover, when the bent
portion is positioned below the height of the package body
portion, the profile of the electric storage device can be
reduced. It is thus possible to reduce contact of another article
with the bent portion during the manufacturing process, and
reduce the deformation and displacement of the bent portion.
[0033] Also as described above, the bent portion may be at
least partially joined to the package, with a joining member
made of an insulating material. This makes it possible to
reliably join the bent portion to the package.

[0034] The joining member may be interposed between the
bent portion and the package. It is thus possible to ensure
insulation between the package and the terminal.

[0035] An outer surface of the bent portion may be at least
partially covered with the joining member. This also makes it
possible to reliably join the bent portion to the package.
[0036] In the package, a plurality of device cells may be
stacked, and at least one of the terminals of each of the device
cells may be bent to form a bent portion so as to be positioned
within a space formed between the device cells. It is thus
possible to reduce contact of another article with the bent
portion during the manufacturing process, and reduce the
deformation and displacement of the bent portion serving as
a lead part. At least one of the terminals of each of the device
cells may be bent to be positioned within a space formed
between the edge portions. Thus, the thickness of the bent
portions can be accommodated in the space between the edge
portions, so that the profile of the electric storage device can
be reduced.

[0037] At least one of the terminals of each of the device
cells may be covered with a protective member made of an
insulating material, and the protective members of the device
cells may be integrally joined together. Thus, the terminals of
one device cell and another are spaced from each other by a
certain distance, so that it is possible to reliably prevent short-
ing of the terminals between the device cells.

[0038] Additionally, it is possible to prevent adhesion of
conductive impurities to the outer surfaces of the bent por-
tions during substrate mounting, and thus to prevent shorting
of the terminals between the device cells.

[0039] The edge portion may be partially cut to form a
notch, and an end of the bent portion may be positioned
within the region of the notch. This makes it possible to
reduce the mounting area. Moreover, since an external stress



US 2013/0280569 Al

is not easily applied to a terminal end, it is possible to effec-
tively reduce the deformation and displacement of an end
portion of the terminal.

[0040] The package may have a package body portion con-
taining the element body and an edge portion connected to the
package body portion, the edge portion being thinner than the
package body portion; and the terminals may extend outward
from the same end face of the package, and may be bent and
arranged side by side on the edge portion. This makes it
possible to mount the electric storage device by inserting an
end portion of the electric storage device into a socket. Thus,
it is not necessary to perform mounting which involves the
use of a paste, such as solder, and it is possible to improve
productivity.

[0041] The edge portion may be folded back on a side
thereof to form a side folded-back portion. This makes it
possible to improve the strength of the package and thus the
strength of the terminals joined to the package. Therefore, an
electric storage device suitable for mounting using a socket
can be realized.

[0042] The bent portion may be at least partially joined to
the package, with a joining member, and a tensile modulus of
elasticity of the joining member may be in the range of 0.1
MPa to 100 MPa. This makes it possible to realize an electric
storage device having good electrical characteristics, high
mechanical strength, and great durability.

BRIEF DESCRIPTION OF DRAWINGS

[0043] FIG.1 is a perspective view illustrating an embodi-
ment (first embodiment) of an electric double layer capacitor
serving as an electric storage device according to the present
invention.

[0044] FIG. 2 is a plan view of FIG. 1.

[0045] FIG. 3 is a cross-sectional view of FIG. 1 as viewed
in the direction of arrow A-A.

[0046] FIG.4 is aperspective view of an intermediate prod-
uct produced during the manufacture of the electric double
layer capacitor.

[0047] FIG. 5is a cross-sectional view of FIG. 4 as viewed
in the direction of arrow B-B.

[0048] FIG. 6 is a perspective view illustrating a method for
making the intermediate product into an electric double layer
capacitor (final product).

[0049] FIG. 7 is a cross-sectional view of FIG. 6 as viewed
in the direction of arrow C-C.

[0050] FIG. 8 is a perspective view illustrating a modifica-
tion of the first embodiment.

[0051] FIG. 9is a cross-sectional view of FIG. 8 as viewed
in the direction of arrow E-E.

[0052] FIG. 10 is a perspective view illustrating a second
embodiment of an electric double layer capacitor serving as
an electric storage device according to the present invention.
[0053] FIG. 11 is a cross-sectional view of FIG. 10 as
viewed in the direction of arrow F-F.

[0054] FIG. 12 is a perspective view of an intermediate
product (first intermediate product) according to the second
embodiment.

[0055] FIG. 13 is a perspective view of another intermedi-
ate product (second intermediate product) according to the
second embodiment.

[0056] FIG. 14 is a perspective view illustrating a third
embodiment of an electric double layer capacitor serving as
an electric storage device according to the present invention.
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[0057] FIG. 15 is a cross-sectional view of FIG. 14 as
viewed in the direction of arrow G-G.

[0058] FIG. 16 is a plan view of a major part of FIG. 15 as
viewed in the direction of arrow H-H.

[0059] FIG. 17 is a plan view illustrating components of an
element body according to the third embodiment.

[0060] FIG. 18 is a cross-sectional view illustrating a
mounted state on a substrate according to the third embodi-
ment.

[0061] FIG. 19 is a perspective view illustrating a conven-
tional electric double layer capacitor described in Patent
Document 1.

[0062] FIG. 20 is a cross-sectional view of FIG. 19 as
viewed in the direction of arrow a-a.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

[0063] Embodiments of the present invention will now be
described in detail on the basis of the drawings.

[0064] FIG. 1 is a perspective view illustrating an embodi-
ment (first embodiment) of an electric double layer capacitor
serving as an electric storage device according to the present
invention. FIG. 2 is a plan view of FIG. 1. FIG. 3 is a cross-
sectional view of FIG. 1 as viewed in the direction of arrow
A-A.

[0065] The device cell 21 includes an element body 2, a
package 1 containing the element body 2, and a positive
electrode terminal 3 and a negative electrode terminal 4 elec-
trically connected to the element body 2 and extending out of
the package 1. The device cell 21 forms an electric double
layer capacitor.

[0066] An upper package 1a and a lower package 15 are
heat-sealed together using polypropylene or the like to form
the package 1. To allow the positive electrode terminal 3 and
the negative electrode terminal 4 to extend out of the package
1, a positive-electrode terminal lead portion 1c¢ and a nega-
tive-electrode terminal lead portion 1d are formed in a seal-
like manner. The outer surface of the package 1 is covered
with a thin layer of nylon, whereas the inner surface of the
package 1 is covered with a thin layer of polypropylene. The
package 1 and the element body 2 are electrically insulated
from each other.

[0067] Specifically, the package 1 has a box-like package
body portion 5, and a flat package edge portion 6 connected to
the package body portion 5. The package edge portion 6 is
thinner than the package body portion 5. The positive-elec-
trode terminal lead portion 1c¢ and the negative-electrode
terminal lead portion 14 are disposed at predetermined posi-
tions of both ends of'the package edge portion 6. The package
1 has notches 7 and 8 formed by cutting off a pair of adjacent
corners of the package edge portion 6 at an angle.

[0068] Asillustrated in FIG. 3, the element body 2 includes
a plurality of positive electrode layers (electrode layers) 9, a
plurality of negative electrode layers (electrode layers) 10,
and separator layers (insulating layers) 11 each interposed
between adjacent positive and negative electrode layers 9 and
10.

[0069] Each of the positive electrode layers 9 includes a
positive-electrode collector layer 9a and a positive-electrode
active material layer 95 formed on one or both of the principal
surfaces of the positive-electrode collector layer 9a. Simi-
larly, each of the negative electrode layers 10 includes a
negative-electrode collector layer 10a and a negative-elec-
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trode active material layer 105 formed on one or both of the
principal surfaces of the negative-electrode collector layer
10a.

[0070] One end 9¢ of each positive-electrode collector
layer 9a is electrically connected to the positive electrode
terminal 3, and one end 10c¢ of each negative-electrode col-
lector layer 10a is electrically connected to the negative elec-
trode terminal 4.

[0071] The element body 2 and respective parts of the posi-
tive and negative electrode terminals 3 and 4 are sealed in the
package body portion 5 together with an electrolyte solution
12. Anend portion of the positive electrode terminal 3 extends
outward from the positive-electrode terminal lead portion 1c,
and an end portion of the negative electrode terminal 4
extends outward from the negative-electrode terminal lead
portion 1d.

[0072] Specifically, the positive electrode terminal 3 has a
terminal body portion (lead part) 3¢ and a connection termi-
nal portion 35 that form an L shape in plan view. The terminal
body portion 3a extends from the positive-electrode terminal
lead portion 1¢, and the connection terminal portion 35
extends such that its end portion is positioned within the
region of the notch 7.

[0073] Similarly to the positive electrode terminal 3, the
negative electrode terminal 4 has a terminal body portion
(lead part) 4a and a connection terminal portion 45 that form
an L shape in plan view. The terminal body portion 4a extends
from the negative-electrode terminal lead portion 14, and the
connection terminal portion 45 extends such that its end por-
tion is positioned within the region of the notch 8.

[0074] In the positive electrode terminal 3, the terminal
body portion 3a is folded back to form a positive-electrode
bent portion 17, and the connection terminal portion 34 is
joined to the package edge portion 6 with a joining member
19 interposed therebetween.

[0075] Similarly, in the negative electrode terminal 4, the
terminal body portion 4a is folded back to form a negative-
electrode bent portion 18, and the connection terminal portion
45 is joined to the package edge portion 6 with a joining
member 20 interposed therebetween.

[0076] That is, the positive-electrode bent portion 17 and
the negative-electrode bent portion 18 are joined to the pack-
age edge portion 6 such that a height H' of the positive-
electrode bent portion 17 and the negative-clectrode bent
portion 18 is lower than a height H of the package body
portion 5.

[0077] A method for manufacturing the electric double
layer capacitor will now be described in detail with reference
to FIG. 4 to FIG. 6.

[0078] FIG.4 is a perspective view of an intermediate prod-
uct of the electric double layer capacitor. FIG. 5 is a cross-
sectional view of FIG. 4 as viewed in the direction of arrow
B-B.

[0079] First, the positive electrode layers 9 and the negative
electrode layers 10 are made. The positive electrode layers 9
each include the positive-electrode collector layer 9a and the
positive-electrode active material layer 95 formed on one or
both of the principal surfaces of the positive-electrode collec-
tor layer 9a, and the negative electrode layers 10 each include
the negative-electrode collector layer 10a and the negative-
electrode active material layer 106 formed on one or both of
the principal surfaces of the negative-electrode collector layer
10a.
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[0080] Then, the positive electrode layers 9 and the nega-
tive electrode layers 10 are sequentially stacked, with the
separator layers 11 each interposed between adjacent positive
and negative electrode layers 9 and 10, to form the element
body 2.

[0081] Next, the one ends 9¢ of the positive-electrode col-
lector layers 9a are joined by welding or the like to the
terminal body portion 3a of the positive electrode terminal 3,
and the one ends 10¢ of the negative-electrode collector layers
10qa are joined by welding or the like to the terminal body
portion 4a of the negative electrode terminal 4.

[0082] Next, the element body 2, respective parts of the
terminal body portions 3a and 4a, and the electrolyte solution
12 are placed in the package 1 having a predetermined shape.
The upper package 1a and the lower package 15 are brought
into contact and heat-sealed together using polypropylene.
The element body 2 is thus sealed in the package body portion
5.

[0083] Then, two adjacent corners of the package 1 are cut
off at an angle to form the notches 7 and 8.

[0084] Next, the connection terminal portions 35 and 4b
having a rectangular shape are joined by ultrasound welding
to respective ends of the terminal body portions 3a and 4a.
Thus, the terminal body portion 3a and the connection termi-
nal portion 35 form an L. shape, in plan view, on a side of the
terminal body portion 3a adjacent to the notch 7. Similarly,
the terminal body portion 4a and the connection terminal
portion 45 form an L shape, in plan view, on a side of the
terminal body portion 4a adjacent to the notch 8.

[0085] Then, the joining members 19 and 20 are placed on
surfaces of the connection terminal portions 35 and 45,
respectively, to obtain an intermediate product 22 before the
process of making the final product.

[0086] FIG. 6is a perspective view illustrating a method for
making the intermediate product into an electric double layer
capacitor (final product). FIG. 7 is a cross-sectional view of
FIG. 6 as viewed in the direction of arrow C-C.

[0087] As indicated by arrows D, the positive electrode
terminal 3 and the negative electrode terminal 4 are folded
back to the side where the joining members 19 and 20 are
positioned, so as to form the positive-clectrode bent portion
17 and the negative-electrode bent portion 18, respectively.
Then, the positive-electrode bent portion 17 and the negative-
electrode bent portion 18 are brought into contact with the
package edge portion 6 such that the height H' of the positive-
electrode bent portion 17 and the negative-electrode bent
portion 18 is lower than the height H of the package body
portion 5.

[0088] Next, for example, if the joining members 19 and 20
are made of a moisture-curable material, the work in process
is kept at room temperature for a predetermined period of
time (e.g., 10 hours) to allow the joining members 19 and 20
to absorb moisture. The joining members 19 and 20 are thus
cured, and the connection terminal portions 35 and 45 of the
positive electrode terminals 3 and the negative electrode ter-
minal 4 are joined to the package edge portion 6. Thus, the
electric double layer capacitor formed by the device cell 21 is
obtained.

[0089] In the first embodiment, as described above, the
positive electrode terminal 3 and the negative electrode ter-
minal 4 are bent at the terminal body portions 3a and 4a
extending out of the package 1 to form the bent portions 17
and 18, which are joined to the package edge portion 6.
Therefore, even if an external stress is applied to the positive
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electrode terminal 3 and the negative electrode terminal 4, it
is possible to reduce the deformation and displacement of the
positive electrode terminal 3 and the negative electrode ter-
minal 4, so that their shape and position are stabilized. Defor-
mation caused by the weight of the positive electrode terminal
3 and the negative electrode terminal 4 themselves can also be
reduced. It is thus possible to facilitate handling during the
manufacturing process, reduce the loss of yield, and improve
productivity.

[0090] Since the shape and position of the positive elec-
trode terminal 3 and the negative electrode terminal 4 are
stabilized, it is possible to facilitate positioning for mounting
on a substrate, and reduce the occurrence of poor mounting.

[0091] The shape and position of the positive electrode
terminal 3 and the negative electrode terminal 4 are stable
even if the thickness of the positive electrode terminal 3 and
the negative electrode terminal 4 is reduced. Therefore, it is
possible to further reduce the size of the electric storage
device.

[0092] Even if a stress is applied to the positive electrode
terminal 3 and the negative electrode terminal 4, since a force
applied to the positive-electrode terminal lead portion 1¢ and
the negative-electrode terminal lead portion 1d is reduced, the
positive electrode terminal 3 and the negative electrode ter-
minal 4 can be prevented from being damaged by cracks or
the like in the positive-electrode terminal lead portion 1¢ and
the negative-electrode terminal lead portion 1d. It is thus
possible to reduce the loss of airtightness of the package 1 and
improve resistance to vibration.

[0093] The positive-clectrode bent portion 17 and the nega-
tive-electrode bent portion 18 have a folded-back shape. The
positive-electrode bent portion 17 and the negative-electrode
bent portion 18 are disposed on, and joined to, the package
edge portion 6 such that the height H' of the positive-electrode
bent portion 17 and the negative-electrode bent portion 18 is
lower than the height H of the package body portion 5. There-
fore, it is possible to reduce the profile of the electric storage
device. It is thus possible to reduce contact of other articles
with the bent portions during the manufacturing process, and
reduce the deformation and displacement of the positive elec-
trode terminal 3 and the negative electrode terminal 4.

[0094] The package edge portion 6 is partially cut to form
the notches 7 and 8, and the end portions of the connection
terminal portions 35 and 45 are positioned within the regions
of the notches 7 and 8. It is thus possible to reduce the
mounting area. Moreover, since an external stress is not easily
applied to the connection terminal portions 36 and 4b, it is
possible to effectively reduce the deformation and displace-
ment of the end portions.

[0095] The positive-clectrode bent portion 17 and the nega-
tive-electrode bent portion 18 are joined to the package 1,
with the joining members made of an insulating material
interposed therebetween. Therefore, the positive-electrode
bent portion 17 and the negative-electrode bent portion 18 can
be reliably joined to the package.

[0096] Since the joining members are interposed between
the package 1 and the positive-electrode bent portion 17 and
the negative-electrode bent portion 18, it is possible to ensure
insulation between the package 1 and the positive electrode
terminal 3 and the negative electrode terminal 4.

[0097] A tensile modulus of elasticity of the joining mem-
bers 19 and 20 is not particularly limited, but may be in the
range of 0.1 MPa to 100 MPa, which makes it possible to
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ensure good electrical characteristics, enhance mechanical
strength, and improve durability.

[0098] The materials that form the positive-electrode col-
lector layers 9a, the negative-electrode collector layers 10q,
the positive-electrode active material layers 95, and the nega-
tive-electrode active material layers 1056 are not particularly
limited, as long as they allow the electric double layer capaci-
tor to exert its effect. Typically, aluminum is used as the
material of the positive-electrode collector layers 9a and the
negative-electrode collector layers 10a, whereas activated
carbon is used as the material of the positive-electrode active
material layers 956 and the negative-electrode active material
layers 104.

[0099] The type of material used to form the separators 11
is not particularly limited, but porous polyethylene or the like
may be used.

[0100] The electrolyte 12 is not particularly limited as long
as it has a necessary effect, but typically the use of a solution
containing propylene carbonate serving as a solvent and tet-
racthylammonium tetrafluoroborate serving as an electrolyte
is preferred.

[0101] The material of the package 1 is not particularly
limited, but typically the use of aluminum is preferred. The
materials of the positive electrode terminal 3 and the negative
electrode terminal 4 are not particularly limited, but, for
example, aluminum may be used to form the terminal body
portions 3a and 4a, and copper may be used to form the
connection terminal portions 35 and 44 In the present
embodiment, the terminal body portions 3a and 4a and the
connection terminal portions 35 and 45 are formed as differ-
ent parts. However, the terminal body portions 3a and 4a and
the connection terminal portions 35 and 46 may be integrally
formed of the same material (e.g., aluminum).

[0102] The material of the joining members 19 and 20 may
be appropriately selected from known joining materials and
used. However, it is preferable to use an insulating curable
resin, which makes it possible to more reliably ensure insu-
lation between the package 1 and the connection terminal
portions 35 and 4. An ultraviolet curable resin or a thermo-
setting resin may be used as the curable resin, but it is pref-
erable to use a moisture curable resin or an ultraviolet curable
resin. This is because since these resins can be cured without
being heated, the electrolyte solution 12 can be prevented
from being denatured or deteriorated by heat.

[0103] As compared to the use of adhesive tape or the like,
the use of a curable resin makes it possible to achieve more
reliable joining. This is because, before being cured, the resin
flexibly deforms to fit the surface asperities of the positive and
negative electrode terminals 3 and 4 and the package 1, which
are to be joined together. After the curable resin is cured, the
adhesiveness of an exposed surface of the resin is reduced.
This is preferable in that impurities do not easily adhere to the
surface of the joining members.

[0104] FIG. 8 is a perspective view illustrating a modifica-
tion of the first embodiment. FIG. 9 is a cross-sectional view
of FIG. 8 as viewed in the direction of arrow E-E.

[0105] Inthe first embodiment described above, the joining
members 19 and 20 are interposed between the package edge
portion 6 and the connection terminal portions 35 and 45. In
the present modification, the outer surfaces of the positive
electrode terminal 3 and the negative electrode terminal 4 are
partially covered with joining members 23 and 24, which are
joined to the package edge portion 6. Specifically, the joining
members 23 and 24 extend from the bottom surface of the
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package edge portion 6 to the surfaces of the connection
terminal portions 35 and 45, and the terminal body portions
3a and 4a, so that the positive electrode terminal 3 and the
negative electrode terminal 4 are joined to the package 1.
[0106] As described above, when the outer surfaces of the
positive electrode terminal 3 and the negative electrode ter-
minal 4 are partially covered with joining members 23 and 24
to join the joining members 23 and 24 to the package edge
portion 6, it is possible to achieve effects similar to those of
the first embodiment.

[0107] This modification can be easily made by the follow-
ing method.
[0108] By the same method and procedure as in the first

embodiment, an intermediate product is made in which the
terminal body portions 3a and 4a extend outward from the
package edge portion 6. Then, bent portions 25 and 26 are
formed by a bending process. After the inner surfaces of the
positive electrode terminal 3 and the negative electrode ter-
minal 4 are partially brought into contact with the surface of
the package edge portion 6, the joining members 23 and 24
are placed to extend from the terminal body portions 3a and
4a to the connection terminal portions 35 and 45, and the
package edge portion 6. An electric double layer capacitor of
this modification can thus be obtained.

[0109] A second embodiment of the present invention will
now be described in detail.

[0110] FIG.10is a perspective view illustrating the second
embodiment of an electric double layer capacitor serving as
an electric storage device according to the present invention.
FIG. 11 is a cross-sectional view of FIG. 10 as viewed in the
direction of arrow F-F.

[0111] In the second embodiment, two device cells (first
and second device cells) 35 and 36 having packages 33 and 34
that contain element bodies 31 and 32, respectively, are
stacked together.

[0112] Specifically, as in the first embodiment, the first and
second device cells 35 and 36 include the packages 33 and 34,
respectively, each having an upper package and a lower pack-
age integrally joined together. The package 33 includes a
box-like package body portion 37 containing the element
body 31, and a flat package edge portion 39 connected to the
package body portion 37. Similarly, the package 34 includes
a box-like package body portion 38 containing the element
body 32, and a flat package edge portion 40 connected to the
package body portion 38. The package edge portions 39 and
40 are thinner than the package body portions 37 and 38.
[0113] The package edge portion 39 has notches 39a to 394
formed by cutting off the four corners of the package edge
portion 39 at an angle. Similarly, the package edge portion 40
has notches 40q to 404 formed by cutting off the four corners
of the package edge portion 40 at an angle.

[0114] The first and second device cells 35 and 36 are
stacked and joined together, with an adhesive 55 such as
acrylic adhesive tape interposed between the package body
portions 37 and 38, such that a positive electrode terminal 41
and a negative electrode terminal 42 are positioned on the
same end face side.

[0115] As in the first embodiment, the positive electrode
terminal 41 is electrically connected to the element body 31,
and an end portion of the positive electrode terminal 41
extends outward from a positive-electrode terminal lead por-
tion of the package edge portion 39. Specifically, the positive
electrode terminal 41 has a terminal body portion 41« and a
connection terminal portion 415 that form an LL shape in plan
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view. The terminal body portion 41a extends from the posi-
tive-electrode terminal lead portion, and the connection ter-
minal portion 415 extends such that its end portion is posi-
tioned within the region of the notches 39a and 40aq.

[0116] Similarly, the negative electrode terminal 42 is elec-
trically connected to the element body 32, and an end portion
of'the negative electrode terminal 42 extends outward from a
negative-electrode terminal lead portion of the package edge
portion 40. Specifically, the negative electrode terminal 42
has a terminal body portion 424 and a connection terminal
portion 425 that form an L shape in plan view. The terminal
body portion 424a extends from the negative-electrode termi-
nal lead portion, and the connection terminal portion 425
extends such that its end portion is positioned within the
region of the notches 39¢ and 40c.

[0117] The positive electrode terminal 41 and the negative
electrode terminal 42 are bent to face each other across the
space formed between the package edge portion 39 and the
package edge portion 40, so as to form a positive-electrode
bent portion 43 and a negative-electrode bent portion 44. The
positive-electrode bent portion 43 is joined to the package
edge portion 39, with a joining member 45 interposed ther-
ebetween. Similarly, the negative-electrode bent portion 44 is
joined to the package edge portion 40, with a joining member
46 interposed therebetween. That is, the positive electrode
terminal 41 and the negative electrode terminal 42 are dis-
posed to face each other, the positive-clectrode bent portion
43 and the negative-electrode bent portion 44 are disposed to
face each other, and an end portion of the connection terminal
portion 415 and an end portion of the connection terminal
portion 425 are disposed to face in opposite directions.

[0118] The outer surfaces of the positive-clectrode bent
portion 43 and the negative-electrode bent portion 44 are
covered with protective members 47a and 475, respectively,
which are made of an insulating material, such as a moisture-
curable silicone resin. The protective members 47a and 475
are cured and integrally joined together to form an insulating
protective portion 47. The protective members 474 and 475
are partially joined to the package edge portions 39 and 40,
respectively, to also serve as joining members.

[0119] From an end face opposite the negative electrode
terminal 42 of the second device cell 36, a third terminal 48
electrically connected to the element body 32 extends out of
the package edge portion 40.

[0120] Likethepositive electrode terminal 41 and the nega-
tive electrode terminal 42, the third terminal 48 has a terminal
body portion 48a and a connection terminal portion 485 that
form an L shape in plan view. The terminal body portion 48a
extends from a third-terminal lead portion, and the connec-
tion terminal portion 4856 extends such that its end portion is
positioned within the region of the notches 395 and 404.

[0121] A joining member 49 is disposed on a surface of the
third terminal 48. The third terminal 48 is bent in a direction
opposite the direction in which the negative electrode termi-
nal 42 is bent. The third terminal 48 thus forms a third bent
portion 50 and is joined to the package edge portion 40.

[0122] From an end face opposite the positive electrode
terminal 41 of the first device cell 35, a fourth terminal 51
electrically connected to the element body 31 extends out of
the package edge portion 39. An end portion of the fourth
terminal 51 is bent into a U shape and joined to the outer
surface of the third terminal 48, so that the third and fourth
terminals 48 and 51 form a voltage adjusting terminal.
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[0123] A method for manufacturing an electric double
layer capacitor according to the second embodiment will now
be described in detail with reference to FIG. 12 and FIG. 13.
[0124] FIG. 12 is a perspective view illustrating an inter-
mediate product of the first device cell 35 obtained during
manufacture.

[0125] Inthe same procedure as in the first embodiment, the
element body 31 is made and placed in the package body
portion 37. At the same time, the terminal body portion 41a of
the positive electrode terminal 41 and the fourth terminal 51
connected to the element body 31 are positioned to extend
outward from the package edge portion 39.

[0126] Next, the four corners of the package edge portion
39 are cut off at an angle to form the notches 39a to 394.
[0127] Next, the connection terminal portion 415 having a
rectangular shape is joined by ultrasound welding or the like
to an end portion of the terminal body portion 414, such that
the terminal body portion 41a and the connection terminal
portion 415 form an L shape in plan view, with an end portion
of'the connection terminal portion 415 located in the direction
of the notch 39a. Additionally, the joining member 45 is
placed on the front surface of the connection terminal portion
41b. An intermediate product 52 of the first device cell 35 is
thus obtained.

[0128] Next, an intermediate product of the second device
cell 36 is made.
[0129] FIG. 13 is a perspective view illustrating an inter-

mediate product of the second device cell 36 obtained during
manufacture.

[0130] Inthe same procedure as in the first embodiment, the
element body 32 is made and placed in the package body
portion 38. At the same time, the terminal body portion 42a of
the negative electrode terminal 42 and the third terminal 48
connected to the element body 32 are positioned to extend
outward from the package edge portion 40.

[0131] Next, the four corners of the package edge portion
40 are cut off at an angle to form the notches 40a to 40d.
[0132] Next, the connection terminal portion 425 having a
rectangular shape is joined by ultrasound welding or the like
to an end portion of the terminal body portion 42a of the
negative electrode terminal 42, such that the terminal body
portion 424 and the connection terminal portion 426 form an
L shape in plan view, with an end portion of the connection
terminal portion 425 located in the direction of the notch 40c.
Additionally, the joining member 46 is placed on the back
surface of the connection terminal portion 424.

[0133] Similarly, the connection terminal portion 485 hav-
ing a rectangular shape is joined by ultrasound welding or the
like to an end portion of the terminal body portion 48a of the
third terminal 48, such that the terminal body portion 484 and
the connection terminal portion 485 form an L. shape in plan
view, with an end portion of the connection terminal portion
48b located in the direction of the notch 4056. An intermediate
product 53 of the second device cell 36 is thus obtained.
[0134] Next, the terminal body portions 41a and 42a are
bent to the sides where the joining members 45 and 46 are
positioned, so as to form the positive-electrode bent portion
43 and the negative-electrode bent portion 44, respectively.
Then, the bent portion 43 is brought into contact with the
package edge portion 39, with the joining member 45 inter-
posed therebetween. At the same time, the bent portion 44 is
brought into contact with the package edge portion 40, with
the joining member 46 interposed therebetween. Then, for
example, if a moisture-curable material is used to form the
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joining members 45 and 46, the work in process is kept at
room temperature for 10 hours to allow the joining members
45 and 46 to absorb moisture. Thus, the joining members 45
and 46 are cured, and the bent portions 43 and 44 are joined to
the respective surfaces of the package edge portions 39 and
40. The first and second device cells 35 and 36 are thus
obtained.

[0135] Next, the third terminal 48 and the fourth terminal
51 are electrically joined together by ultrasound welding to
form a voltage adjusting terminal. Then, the joining member
49 is placed on the surface of the connection terminal portion
48b. The voltage adjusting terminal is bent to the side where
the joining member 49 is positioned, so as to bring the voltage
adjusting terminal into contact with the surface of the package
edge portion 40. Then, the work in process is kept at room
temperature for 10 hours to cure the joining member 49. At
this point, the height of the outer surface of the fourth terminal
51 is preferably lower than that of the package body portion
38. It is thus possible to reduce contact of other articles with
the voltage adjusting terminal during the manufacturing pro-
cess, and reduce the deformation and displacement of the
voltage adjusting terminal.

[0136] Next, the adhesive 55 formed by acrylic adhesive
tape is used to join the package body portions 37 and 38 of the
first and second device cells 35 and 36 together. The second
device cell 36 is thus stacked on the first device cell 35.
[0137] Next, the outer surfaces of the positive-electrode
bent portion 43 and the negative-electrode bent portion 44 are
covered with the protective members 47a and 475, respec-
tively, which are made of an insulating material. The protec-
tive members 47a and 4756 are joined to the package edge
portions 39 and 40, respectively, to also serve as joining
members.

[0138] For example, if a moisture-curable material is used
to form the protective members 47a and 475, the work in
process is kept at room temperature for 10 hours to allow the
protective members 47a and 475 to absorb moisture. Thus,
the protective members 47a and 475 are cured and integrally
joined together to form the insulating protective portion 47.
The electric double layer capacitor of the second embodiment
is thus obtained.

[0139] The second embodiment can provide effects similar
to those of the first embodiment.

[0140] In the second embodiment, the first and second
device cells 35 and 36 are stacked to allow the package body
portions 37 and 38 to be joined together. At the same time, the
positive electrode terminal 41 of the first device cell 35 and
the negative electrode terminal 42 of the second device cell 36
are bent to be positioned within a space formed between the
package edge portion 39 and the package edge portion 40.
Therefore, as in the first embodiment, it is possible to reduce
contact of other articles with the terminals during the manu-
facturing process, and reduce the deformation and displace-
ment of the terminals.

[0141] Since the positive-electrode bent portion 43 and the
negative-electrode bent portion 44 are positioned within the
space formed between the package edge portion 39 and the
package edge portion 40, the profile of the electric double
layer capacitor can be reduced as in the first embodiment.
[0142] As described above, the positive electrode terminal
41 of'the first device cell 35 and the negative electrode termi-
nal 42 of the second device cell 36 are covered with the
protective members 47a and 47b, respectively, which are
made of an insulating material and integrally joined together.
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Thus, since the positive electrode terminal 41 and the negative
electrode terminal 42 are spaced from each other by a certain
distance, it is possible to reliably prevent shorting of the
terminals between the first and second device cells 35 and 36.
[0143] Additionally, it is possible to reduce adhesion of
conductive impurities, such as soldering balls, to the surfaces
of the terminals during substrate mounting, and thus to pre-
vent shorting between the terminals and between the package
and the terminal.

[0144] A third embodiment of the present invention will
now be described in detail.

[0145] FIG. 14 is a perspective view illustrating the third
embodiment of an electric double layer capacitor (device cell
80) serving as an electric storage device according to the
present invention. FIG. 15 is a cross-sectional view of F1G. 14
as viewed in the direction of arrow G-G. FIG. 16 is aplan view
of'a major part of FIG. 15 as viewed in the direction of arrow
H-H.

[0146] In the third embodiment, similarly to the first
embodiment, an upper package 61a and a lower package 615
are integrally joined together to form a package 61. The
package 61 has a box-like package body portion 63 contain-
ing an element body 62, and a flat package edge portion 64
connected to the package body portion 63. The package edge
portion 64 is thinner than the package body portion 63.
[0147] The package edge portion 64 is folded back on both
sides thereof to form side folded-back portions 654 and 654.
[0148] Lead portions 66a and 67a of a positive electrode
terminal 66 and a negative electrode terminal 67 are posi-
tioned to extend outward from one end of the package edge
portion 64, and bent to form bent portions 68 and 69, respec-
tively. End portions of the bent portions 68 and 69 are joined
to the package edge portion 64, with respective joining mem-
bers 70 and 71 interposed therebetween. That is, the positive
electrode terminal 66 and the negative electrode terminal 67
are arranged side by side on the package edge portion 64.
[0149] A positive-electrode external terminal 72 and a
negative-electrode external terminal 73 made of CU or the
like are disposed on the surfaces of the positive electrode
terminal 66 and the negative electrode terminal 67, respec-
tively.

[0150] As illustrated in FIG. 15, similarly to the first
embodiment, the element body 62 includes a plurality of
positive electrode layers 74, a plurality of negative electrode
layers 75, and separator layers 76. The positive electrode
layers 74 and the negative electrode layers 75 are stacked,
with the separator layers 76 each interposed between adjacent
positive and negative electrode layers 74 and 75. Each of the
positive electrode layers 74 includes a positive-electrode col-
lector layer 74a and a positive-electrode active material layer
74b. Similarly, each of the negative electrode layers 75
includes a negative-electrode collector layer 75a and a nega-
tive-electrode active material layer 755.

[0151] Specifically, as illustrated in FIG. 16, the positive
electrode layers 74 and the negative electrode layers 75 are
stacked, with the separators 76 each interposed between adja-
cent positive and negative electrode layers 74 and 75, such
that the positive-electrode collector layers 74a and the nega-
tive-electrode collector layers 75a can be connected to the
positive electrode terminal 66 and the negative electrode ter-
minal 67 on the same end face side.

[0152] That is, as illustrated in FIG. 17(a), in each of the
positive electrode layers 74, the positive-electrode active
material layer 744 is formed into a rectangular shape, whereas
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the positive-electrode collector layer 74a is disposed on the
surface of the positive-electrode active material layer 745
such that it covers the entire surface of the positive-electrode
active material layer 745 while protruding at one end from the
positive-electrode active material layer 745.

[0153] As illustrated in FIG. 17(5), in each of the negative
electrode layers 75, the negative-electrode active material
layer 755 is formed into a rectangular shape, and disposed on
the surface of the negative-electrode collector layer 75a such
that it is symmetric with the positive-electrode active material
layer 7464.

[0154] As illustrated in FIG. 17(c), each of the separators
76 is formed to have a predetermined area slightly greater
than that of the positive-electrode active material layer 745
and the negative-electrode active material layer 755.

[0155] The positive electrode layers 74, the separators 76,
and the negative electrode layers 75 are stacked in a prede-
termined order. Specifically, the positive electrode layers 74,
the separators 76, and the negative electrode layers 75 are
sequentially stacked in the following order: one electrode
layer (i.e., one of the positive and negative electrode layers 74
and 75), one separator layer 76, another electrode layer hav-
ing a polarity opposite that of the one electrode layer (i.e., the
other of'the positive and negative electrode layers 74 and 75),
another separator layer 76, etc. The element body 62 is thus
obtained.

[0156] One end 74c¢ of each positive-electrode collector
layer 74a is electrically connected to the positive electrode
terminal 66, and one end 75¢ of each negative-clectrode col-
lector layer 75a is electrically connected to the negative elec-
trode terminal 67.

[0157] The element body 62 and respective parts of the
positive and negative electrode terminals 66 and 67 are sealed
in the package body portion 63 together with an electrolyte
solution 77. Respective end portions of the positive and nega-
tive electrode terminals 66 and 67 extend outward from the
package edge portion 64 and are bent.

[0158] In the third embodiment, as described above, the
package edge portion 64 is folded back on both sides thereof
to form the side folded-back portions 65a and 655. Therefore,
in addition to the effects of the first embodiment described
above, itis possible to improve the strength of the package 61
and thus the strength of the positive electrode terminal 66 and
the negative electrode terminal 67 joined to the package 61.
An electric storage device suitable for mounting using a
socket can thus be realized.

[0159] Also in the third embodiment, where the positive
electrode terminal 66 and the negative electrode terminal 67
are positioned within the region of the package 61, the size of
the electric storage device can be reduced.

[0160] As described above, the positive electrode terminal
66 and the negative electrode terminal 67 are bent to the same
surface side of the package edge portion 64 and arranged side
by side on the package edge portion 64. This makes it possible
to mount the electric storage device by inserting an end por-
tion of the electric storage device into a socket. Thus, it is not
necessary to perform mounting which involves the use of a
paste, such as solder, and it is possible to improve productiv-
ity.

[0161] FIG. 18 is a cross-sectional view illustrating a
mounted state of the electric double layer capacitor on a
substrate according to the third embodiment.

[0162] As illustrated, a socket 79 is disposed on a substrate
78. The positive electrode terminal 66 and the negative elec-
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trode terminal 67 having the external connection terminals 72
and 73 formed on the surfaces thereof can be insertably and
removably mounted in the socket 79.

[0163] As described above, in the third embodiment, the
electric storage device can be mounted by inserting an end
portion of the electric storage device into a socket. It is thus
not necessary to perform mounting which involves the use of
a paste, such as solder, and it is possible to improve produc-
tivity.

[0164] The electric double layer capacitor according to the
third embodiment can also be easily made by a method simi-
lar to that in the first embodiment.

[0165] The present invention is not limited to the embodi-
ments described above. In the embodiments described above,
an element body has a layered structure in which a plurality of
electrode layers (positive electrode layers and negative elec-
trode layers) and separator layers are stacked together. The
present invention is also applicable to the case where an
element body has a winding structure, and to the case where
an element body has a single cell structure in which one
positive electrode layer, one separator layer, and one negative
electrode layer are stacked together.

[0166] Although an electric double layer capacitor has been
described as an example in the embodiments described
above, the present invention is broadly applicable to other
electric storage devices, such as lithium-ion secondary bat-
teries and lithium-ion capacitors.

[0167] Materials used in the present invention may be
appropriately selected from known ones. Depending on the
shape and specific configuration of the electric storage
device, various applications and modifications can be made
within the scope of the present invention.

[0168] Examples of the present invention will now be
described.

EXAMPLE 1
[0169] The electric double layer capacitor described in the

first embodiment was made, and the effects of tensile modu-
lus of elasticity of the joining member on electrical charac-
teristics and peel resistance were examined.

[0170] [Sample Preparation]
[0171] (Sample Number 1)
[0172] First, an element body was prepared, which includes

positive-electrode collector layers and negative-electrode
collector layers formed of aluminum and positive-electrode
active material layers and negative-electrode active material
layers formed of activated carbon. Additionally, a positive
electrode terminal and a negative electrode terminal were
prepared, which have respective terminal body portions
formed of aluminum. Next, positive electrode layers, each
including a positive-electrode collector layer and a positive-
electrode active material layer, and negative electrode layers,
each including a negative-electrode collector layer and a
negative-electrode active material layer, were stacked in a
predetermined order, with porous polyethylene separators
each interposed between adjacent positive and negative elec-
trode layers. Then, the terminal body portions were joined by
ultrasound welding to the corresponding end portions of the
positive-electrode collector layers and the negative-electrode
collector layers.

[0173] Next, the element body and the terminal body por-
tions were sealed in an aluminum package, together with an
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electrolyte solution containing propylene carbonate serving
as a solvent and tetraethylammonium tetrafluoroborate serv-
ing as an electrolyte.

[0174] The package used was that having an inner surface
covered with a polypropylene layer and an outer surface
covered with a nylon layer. The package was heat-sealed at its
outer edge using polypropylene.

[0175] Thus, a device cell was obtained in which an end
portion of the positive electrode terminal and an end portion
of the negative electrode terminal extend out of the package.

[0176] Next, two opposite corners of the package were cut
off at an angle to form notches.

[0177] Next, one end of a rectangular connection terminal
portion made of copper was joined by ultrasound welding to
an end surface of the terminal body portion of the positive
electrode terminal, and another rectangular connection termi-
nal portion made of copper was joined by ultrasound welding
to an end surface of the terminal body portion of the negative
electrode terminal. The connection terminal portions were
positioned such that their end portions were located within
the regions of the notches.

[0178] Next, ajoining member made of an insulating mois-
ture-curable silicone resin having a tensile modulus of elas-
ticity of 0.1 MPa after being cured was placed on a surface of
each terminal body portion. The dimensions of the joining
member were 2.0 mm in length, 1.5 mm in width, and 0.2 mm
in thickness.

[0179] Next, the positive electrode terminal and the nega-
tive electrode terminal were bent to the side where the joining
members were positioned, so as to form a positive-electrode
bent portion and a negative-clectrode bent portion. Then, the
joining members were brought into contact with the surface
of the package, and the work in process was kept at room
temperature for 10 hours to cure the joining members. Thus,
a sample of sample number 1 was made in which the bent
portions were joined to the surface of the package.

[0180] (Sample Number 2)

[0181] A sample of sample number 2 was made by the same
method and procedure as in sample number 1, except for the
use of joining members made of a moisture-curable silicone
resin having a tensile modulus of elasticity different from that
in sample number 1.

[0182] (Sample Number 3)

[0183] A sample of sample number 3 was made by the same
method and procedure as in sample number 1, except for the
use of joining members made of a moisture-curable silicone
resin having a tensile modulus of elasticity different from
those in sample numbers 1 and 2.

[0184] (Sample Number 4)

[0185] A sample of sample number 4 was made by the same
method and procedure as in sample number 1, except that
joining members made of an insulating ultraviolet (UV)-
curable epoxy resin were used and that the joining members
were cured by being irradiated with light having a wave
length of 365 nm for five minutes.

[0186] (Sample Number 5)

[0187] A sample of sample number 5 was made by the same
method and procedure as in sample number 1, except that
joining members made of an insulating thermosetting phenol
resin were used and that the joining members were cured by
being kept at 80° C. for one hour.
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[0188] [Sample Evaluation]

[0189] The tensile moduli of elasticity of the joining mem-
bers used in sample numbers 1 to 5 were measured in confor-
mity with JISK 7161.

[0190] Next, for each of the samples of sample numbers 1
to 5, a thermal shock test involving 500 heat cycles was
performed.

[0191] Specifically, one heat cycle was a cycle having a
profile in which, after a sample was kept at —30° C. for 30
minutes and the temperature was increased to 85° C. at a rate
of 20° C. per minute, the sample was kept at 85° for 30
minutes and the temperature was decreased to -30° C. at a
rate of 20° C. per minute. That is, a thermal shock test was
performed in which this heat cycle was repeated 500 cycles,
or times.

[0192] For each of the samples of sample numbers 1 to 5,
the electrical characteristics and the peel resistance were
examined every 50 cycles.

[0193] Table 1 shows the joining member, tensile modulus
of elasticity, electrical characteristics, peel resistance, and
final evaluation for each of sample numbers 1 to 5.

[0197] For sample number 3, despite its good electrical
characteristics, peeling of a joining member from the surface
of the package was observed at the end of 400 cycles.
[0198] For sample number 4, despite its good electrical
characteristics, peeling of a joining member from the surface
of the package was observed at the end of 350 cycles.
[0199] For sample number 5, despite its good electrical
characteristics, peeling of a joining member from the surface
of the package was observed at the end of 300 cycles.
[0200] As for sample numbers 1 and 2, the electrical char-
acteristics were good, and no peeling of a joining member
was observed even at the end of 500 cycles.

[0201] The thermal shock test revealed that when the ten-
sile modulus of elasticity of joining members is in the range of
0.1 MPa to 100 MPa, even if a thermal shock of 500 cycles is
applied to a sample, it is possible to relieve or absorb a stress
applied to the joining members caused by expansion or con-
traction of each component of the sample.

[0202] Example 1 shows that even if an external stress
occurs due to contact of an object with a bent portion, it is
possible to relieve or absorb a stress applied to a joining
member.

TABLE 1
Tensile
Modulus of Electrical Characteristics Peel Resistance
Sample Joining Elasticity (Number of Cycles) (Number of Cycles)
No. Member (MPa) 250 300 350 400 450 500 250 300 350 400 450 500 Evaluation
1 Moisture- 0.1 Good Good Good Good Good Good Good Good Good Good Good Good Excellent
Curable
Silicone Resin
2 Moisture- 100 Good Good Good Good Good Good Good Good Good Good Good Good Excellent
Curable
Silicone Resin
3*  Moisture- 1100 Good Good Good Good Good Good Good Good Good Bad — —  Good
Curable
Silicone Resin
4*  UV-Curable 1900 Good Good Good Good Good Good Good Good Bad — — —  Good
Epoxy Resin
5*  Thermosetting 3100 Good Good Good Good Good Good Good Bad — — — —  Good
Phenol Resin
An asterisk (*) indicates that the sample is outside the scope of the present invention (Claim 13).
[0194] The electrical characteristics were determined by EXAMPLE 2
measuring the capacitance and the equivalent series resis-
tance (ESR) of the sample before and after the test. If both the [0203] The electric double layer capacitor described in the

rate of capacitance change and the rate of ESR change were
20% or less, the sample was evaluated as “Good”. Ifone of the
rate of capacitance change and the rate of ESR change was
over 20%, the sample was evaluated as “Bad”. The peel
resistance was determined by visually examining the sample
with an optical microscope. If no peeling was observed, the
sample was evaluated as “Good”. If peeling was observed, the
sample was evaluated as “Bad”.

[0195] For final evaluation, in consideration of useful life in
an actual use environment, results obtained at the end of 250
cycles were used as evaluation criteria. Specifically, if both
the electrical characteristics and the peel resistance were
good even at the end of 500 cycles, the sample was evaluated
as “Excellent”. Even though both the electrical characteristics
and the peel resistance were good at the end of 250 cycles, if
the sample was bad in terms of either the electrical character-
istics or the peel resistance in the subsequent cycles, the
sample was evaluated as “Good” in the final evaluation.
[0196] Atthe end 0of 250 cycles, good results were obtained
for all the samples of sample numbers 1 to 5.

third embodiment was made, and a sweep vibration test was
performed to evaluate resistance to vibration.

[0204]

[0205] As in Example 1, an element body was prepared,
which includes positive-electrode collector layers and nega-
tive-electrode collector layers formed of aluminum and posi-
tive-electrode active material layers and negative-electrode
active material layers formed of activated carbon. Addition-
ally, a positive electrode terminal and a negative electrode
terminal were prepared, which have respective terminal body
portions formed of aluminum. Next, positive electrode layers,
each including a positive-electrode collector layer and a posi-
tive-electrode active material layer, and negative electrode
layers, each including a negative-electrode collector layer
and a negative-electrode active material layer, were stacked in
a predetermined order, with porous polyethylene separators
each interposed between adjacent positive and negative elec-
trode layers. Then, the terminal body portions were joined by

[Sample Preparation]
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ultrasound welding to the corresponding end portions of the
positive-electrode collector layers and the negative-electrode
collector layers.

[0206] Next, the element body and the terminal body por-
tions were sealed in an aluminum package, together with an
electrolyte solution containing propylene carbonate serving
as a solvent and tetraethylammonium tetrafluoroborate serv-
ing as an electrolyte. The package used was that having an
inner surface covered with a polypropylene layer and an outer
surface covered with a nylon layer. The package was heat-
sealed at its outer edge using polypropylene.

[0207] After external connection terminals made of Cu
were joined by ultrasound thermal welding at predetermined
positions to respective surfaces of the positive electrode ter-
minal and the negative electrode terminal, joining members
were placed on the respective other surfaces of the positive
electrode terminal and the negative electrode terminal. The
joining members made of an insulating moisture-curable sili-
cone resin having a tensile modulus of elasticity of 0.1 MPa
after being cured were used. The dimensions of each joining
member were 1.5 mm in length, 1.2 mm in width, and 0.2 mm
in thickness.

[0208] Next, the positive electrode terminal and the nega-
tive electrode terminal were bent to the side where the joining
members were positioned, so as to form bent portions. Then,
the joining members were brought into contact with a pack-
age edge portion, and the work in process was kept at room
temperature for 10 hours to cure the joining members. Thus,
a sample of sample number 6 was made.

[0209] [Sample Evaluation]

[0210] A socket was placed on a substrate, and the sample
of sample number 6 was inserted into the socket. With a
package body portion attached to the substrate with double-
faced tape, a vibration test device (PVS-4SP-VDS-M manu-
factured by IMV Corporation) was used to perform a sweep
vibration test involving the following vibration cycles.
[0211] Specifically, one vibration cycle involved increas-
ing the vibration frequency from 10 Hz with an amplitude of
0.7 mm until the acceleration reached 49 m/s®, further
increasing the vibration frequency with a constant accelera-
tion (=49 m/s*) to 150 Hz, decreasing the vibration frequency
from 150 Hz with a constant acceleration (=49 m/s*) until the
amplitude reached 0.7 mm, and further decreasing the vibra-
tion frequency with a constant amplitude (=0.7 mm) to 10 Hz.
This vibration cycle was performed 24 cycles, or times for
each of the three directions, x, y, and z.

[0212] This sweep vibration test was performed for 10
samples. The electrical characteristics and peel resistance
were evaluated by the same method as that in Example 1, and
good results were obtained for all the samples.

INDUSTRIAL APPLICABILITY

[0213] An electric storage device, such as an electric
double layer capacitor, is realized in which even if an external
stress is applied to a terminal portion, the terminal does not
deform and its position and shape are stable.

REFERENCE SIGNS LIST

[0214] 1, 33, 61: package

[0215] 2, 32, 62: element body

[0216] 3, 41, 66: positive electrode terminal

[0217] 3a, 4a, 414, 42a: terminal body portion (lead part)
[0218] 4, 42, 67: negative electrode terminal
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[0219] 5, 37, 38: package body portion

[0220] 6, 39, 40: package edge portion (edge portion)
[0221] 7, 8, 39a to 39d, 40a to 40d: notch

[0222] 17, 43: positive-clectrode bent portion

[0223] 18, 44: negative-clectrode bent portion

[0224] 19, 20,23, 24, 45, 46, 49, 70, 71: joining member
[0225] 21, 35, 36, 80: device cell

[0226] 47: insulating protective portion

[0227] 66a: positive-electrode lead portion

[0228] 67a: negative-clectrode lead portion

1. An electric storage device comprising:

at least one device cell including:

an element body having a plurality of alternating posi-
tive and negative electrode layers,

a plurality of insulating layers disposed, respectively,
between each of the plurality of alternating positive
and negative electrode layers,

a package containing the element body, and

positive and negative electrode terminals electrically
connected to the positive and negative electrode lay-
ers, respectively, and each having a lead part that
extends out of the package,

wherein the lead part of at least one of the positive and

negative electrode terminals includes a bent portion at

least partially disposed on the package.

2. The electric storage device according to claim 1, wherein
the package comprises a package body portion containing the
element body and an edge portion adjacent to the package
body portion, the edge portion being thinner than the package
body portion.

3. The electric storage device according to claim 2, wherein
the bent portion is folded back towards the body portion and
at least partially disposed on the edge portion so that the bent
portion is positioned below a height of the package body
portion.

4. The electric storage device according to claim 3, wherein
the bent portion is at least partially affixed to the edge portion.

5. The electric storage device according to claim 1, wherein
the at least one device cell further comprises a joining mem-
ber composed of an insulating material and configured to affix
the bent portion to the package.

6. The electric storage device according to claim 5, wherein
the joining member is interposed between the bent portion
and the package.

7. The electric storage device according to claim 5, wherein
the bent portion comprises an outer surface that is at least
partially covered by the joining member.

8. The electric storage device according to claim 1, wherein
a plurality of device cells are stacked, and

wherein the lead part of at least one of the positive and

negative electrode terminals of each of the device cells

includes a bent portion disposed in a space between an
adjacent device cell.

9. The electric storage device according to claim 8,

wherein the package of each of the plurality of device cells

comprises a package body portion containing the ele-
ment body and an edge portion adjacent to the package
body portion, the edge portion being thinner than the
package body portion, and

wherein the device cells are stacked such that adjacent

package body portions are coupled to each other.
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10. The electric storage device according to claim 8,

wherein the bent portion of at least two of the plurality of

device cells has an outer surface that is at least partially
covered with a protective member composed of an insu-
lating material, and

wherein the respective protective members are integrally

joined together.

11. The electric storage device according to claim 2,
wherein the edge portion comprises a notch.

12. The electric storage device according to claim 11,
wherein the lead part of at least one of the positive and
negative electrode terminals further comprises a connection
terminal portion partially disposed in the notch.

13. The electric storage device according to claim 12,
wherein the connection terminal portion extends in a direc-
tion perpendicular to the bent portion.

14. The electric storage device according to claim 2,

wherein the package has a plurality of end faces,

wherein the lead part of both the positive and negative

electrode terminals extend outward from a first end face
of the plurality of end faces, and

Oct. 24,2013

wherein both lead parts include respective bent portions
adjacent to one another other.

15. The electric storage device according to claim 14,
wherein each of the bent portions are at least partially dis-
posed on the edge portion of the package.

16. The electric storage device according to claim 14,
wherein a second end face of the edge portion is folded back
to form a side folded-back portion of the package.

17. The electric storage device according to claim 5,
wherein a tensile modulus of elasticity of the joining member
is in the range of 0.1 MPa to 100 MPa.

18. The electric storage device according to claim 1,
wherein the plurality of alternating positive and negative elec-
trode layers are formed by alternatively stacking the electrode
layers.

19. The electric storage device according to claim 1,
wherein the plurality of alternating positive and negative elec-
trode layers are formed by winding the electrode layers.

#* #* #* #* #*



